The aim of this study was to evaluate the stability of stock solutions of a variety of illegal and medicinal drugs, important in forensic analysis, when stored refrigerated or at ambient temperature compared to solutions stored in a freezer. Stock solutions in methanol, acetonitrile, or a mixture of acetonitrile/methanol were transferred to autosampler vials and analyzed after storage for one month, three months, six months, and one year at ambient temperature, in a refrigerator, and in a freezer. Some of the compounds investigated, such as morphine and amitriptyline, showed to be stable for at least one year when stored at ambient temperature, but others, such as prometazine and olanzapine, nearly vanished when stored at ambient temperature for one month.
Introduction
Stock solutions made in organic solvents are, as a rule, stored in a freezer (-20°C) (1) . To make working solutions, it is necessary to bring the stock solutions to room temperature before taking out an aliquot. An even greater disadvantage, from our experience, is that some compounds, such as tadalafil and lamotrigine, for example, have a tendency to precipitate when stored in the freezer at -20°C or even in a refrigerator at 4-6°C. Before use, these solutions have to be placed in an ultrasonic bath for an extended period to dissolve again. Therefore, the question is if it is necessary to store stock solutions in the freezer.
Short-or long-term stability studies, especially of injection solutions of medicinal drugs, have been published for many compounds (2) (3) (4) (5) . Stability of stock solutions in itself, working solutions, sample extracts, analyte stability in authentic/fortified biological matrix (e.g., blood, urine, etc.), and in sampling assay might be included in papers describing analytical methods or as independent studies (1, (6) (7) (8) (9) (10) . However, to the best of our knowledge, no previous comprehensive studies on the influence of storage methods on the stability of drug concentrations in stock solutions have been published.
We therefore designed a study with the aim to evaluate alternative storage conditions, that is, in a refrigerator or at ambient temperature compared to in a freezer, for a selection of stock solutions of different drugs. The selected compounds included benzodiazepines, opiates and opioids, psychostimulants, antidepressants, antipsychotics, and some miscellaneous drugs. In this study, we did not evaluate the stability of stock solutions in themselves by comparing frozen with freshly made solutions.
Methods and Reagents
Methanol (HPLC grade) and acetonitrile (for UV HPLC) were purchased from LAB-SCAN (Dublin, Ireland the solutions for zopiclone and zolpidem, which were prepared in acetonitrile and acetonitrile/methanol (50:50), respectively. Four aliquots of each stock solution were transferred into amber autosampler vials and capped. One set of vials was stored in a freezer (-20°C) for one, three, and six months and one year. Equivalent sets of vials were stored in a refrigerator (4-6°C) and in the dark at ambient temperature for the same time periods. The samples were analyzed after dilution with water or water/acetonitrile mixture to a working concentration and internal standards were added. The techniques used were highperformance liquid chromatography-mass spectrometry (HPLC-MS) [antidepressants, dextropropoxyphene, ketobemidone, pethidine, tramadol, antipsychotic agents, and miscellaneous drugs (except carisoprodol, meprobamate and LSD); internal standard used was imipramin-d 3 ] (11), or tandem MS (benzodiazepines and related compounds, psychostimulants, 6-MAM, codeine, methadone, morphine, meprobamate, and carisoprodol; internal standard used was a mixture of mor- 5 , and methadone-d 9 ) (12). The samples stored at ambient temperature, in the refrigerator and freezer were analysed within the same series and with 10 injections from each sample.
A two-tailed, paired Student's T-test was performed to check if the observed differences in the results were due to storage conditions or just simply due to random effects. A value of p < 0.05 was considered statistically significant.
Results and Discussion
The results for the various drugs are presented in Tables II-VII. The tables have been divided into three columns, where the columns represent a mean deviation from the target value (the samples stored in the freezer) after storage either at ambient temperature or in the refrigerator within ±10%, ±20%, and above ±20%, respectively. Statistically significant differences (p < 0.05) are marked with an asterisk in Tables II-VII. They are based on the average of 10 replicates. Internal standard was used to correct possible inaccuracy in sample injections.
For stability testing of the stock solution in itself, it is recommended that the acceptable difference between the fresh and aged solutions lies between 5 and 7% (13) . On the other hand, a difference between ±20% has been acknowledged (14), and we have set our acceptance criteria for stability in our study at ±20%. It is important to take into consideration the purpose of analysis for which the stock solutions are used. A higher degree of accuracy might be necessary in cases such as therapy control, clinical applications, or forensic toxicological analysis of blood and urine from the drivers suspected of driving under the influence of drugs (duid) than in forensic autopsy samples for toxicological analysis, where for instance, postmortem changes can take place.
Benzodiazepines and related compounds
The results are shown in Table II . The most affected compounds in this group are lorazepam and oxazepam, where concentrations had decreased dramatically already after three months of storage at ambient temperature, and nearly disappeared after one year of storage. Lorazepam showed a significant concentration loss (-25%) already after one month of storage at ambient temperature. For both compounds a statistically significant decrease in concentration of approximately 20% was seen after more than three months of storage in the refrigerator. Alprazolam, flunitrazepam, and nitrazepam concentrations were not stable for more than three months when stored at ambient temperature. When stored in the refrigerator they seemed to be stable for at least one year. Nitrazepam had a decrease of around 20% after six months, but the difference is not statistically significant. The rest of the compounds in this group seemed to tolerate storage at ambient temperature for up to one year.
Antidepressants
The results for this group are shown in Table III . Fluoxetine showed to be stable only up to six months when stored at ambient temperature or in the refrigerator. Subsequently, the concentration decreased more than 40%. For most of the compounds, the T-test showed a statistically significant alteration in concentration, but the results are within our criteria of deviations ±20%, and we conclude that the rest of the substances tolerated storage for a period of one year at ambient temperature.
Opiates and opioids
These results are shown in Table IV . All the compounds in this group proved to tolerate storage at ambient temperature for at least one year, except tramadol. For tramadol, the results increased approximately 65% and 35% after storage for one year at ambient temperature and in the refrigerator, respectively, compared to the stock solution in the freezer, whereas the results after six months of storage were satisfactory. One possible explanation can be that tramadol precipitates more ex- tensively in stock solution stored in a freezer for one year compared with six months and is more difficult to re-dissolve, thus leading to erroneous large positive deviations for the solutions stored at ambient temperature and in the refrigerator.
Psychostimulants
The results are shown in Table V . The results were very stable with deviations between ±10% for all the compounds studied, except MDEA. MDEA showed a small, but statistically significant, tendency to decrease during one year's storage at ambient temperature.
Antipsychotic agents
The results are shown in Table VI . Olanzapine proved to be unstable already after one month of storage at ambient temperature, after three months in the refrigerator, and had disappeared completely during one year of storage. The rest of the compounds studied were stable for up to one year at both storage conditions.
Miscellaneous drugs
The results are shown in Table VII . Two compounds, promethazine and nefazodone, did not give acceptable results. Promethazine started to decompose already after one month of storage both at ambient temperature and in the refrigerator. Nefazodone was stable for up to six months at both storage conditions. Carbamazepine concentration increased significantly (25-80%) when stored in the refrigerator or at ambient temperature for one year. This could most likely have the same explanation as we proposed for tramadol with extensive precipitation in the stock solution stored in the freezer, and consequently problems with dissolution. The rest of the compounds in this group proved to be stable.
Storage vessels
For tramadol and carbamazepine, with large increases in measured concentrations, an explanation for the positive deviation could be that the vials stored in the freezer for one year were not shaken well enough before taking out an aliquot to make working solutions. In order to avoid multiple reopenings of the solutions during the study the stock solutions were stored in small aliquots. We chose tapered form and amber-colored vials for this experiment, which unfortunately made it difficult to notice possible precipitation of drugs or separated phases in the vials. We usually store stock solutions in glass bottles/tubes with volumes of 10 mL or more, in which it is easier to discover problems with precipitation.
Conclusions
The compounds which showed a significant concentration loss (> 20%) during storage for one year at ambient temperature were alprazolam, flunitrazepam, lorazepam, nitrazepam, oxazepam, fluoxetine, olanzapine, nefazodone, and prometazine. In addition, some of these compounds decreased to a variable extent in the refrigerator. For tramadol and carbamazepine, we are unable to come to a conclusion with regards to the stability after six months, probably due to problems with solubility. We have set our stability acceptance criteria to ±20% to be certain not to infer inherent instability from analytical inaccuracy. For many compounds differences below ±20% were, however, significant by the T-test, and smaller variation criteria can be applied for applications where necessary.
Altogether, we included 67 compounds important in forensic science in our study. Of these, 46 (69%) showed to have remarkably stable results, with deviation of ±10% or less, after one year of storage at ambient temperature. This shows that many stock solutions of illegal and medicinal drugs can be safely stored in a refrigerator, if not at ambient temperature, instead of storage in a freezer.
